Background: Price can influence food purchases, which can influence consumption. Limited laboratory research has assessed the effect of price changes on food purchases, and no research on individual differences that may interact with price to influence purchases exists. Objective: We aimed to assess the influence of price changes of low-energy-density (LED) and high-energy-density (HED) foods on mother's food purchases in a laboratory food-purchasing analogue. Design: Mothers were randomly assigned to price conditions in which the price of either LED or HED foods was manipulated from 75% to 125% of the reference purchase price, whereas the price of the alternative foods was kept at the reference value. Mothers completed purchases for 2 income levels ($15 or $30 per family member). Results: Purchases were reduced when prices of LED (P 0.01) and HED (P 0.001) foods were increased. Maternal BMI interacted with price to influence purchases of HED foods when the price of HED foods increased (P ҃ 0.016) and interacted with price to influence purchases of LED foods when the price of HED foods increased (P ҃ 0.008).
INTRODUCTION
The energy density of the diet is an important determinant of total energy intake. Research has shown lower energy intake with a low-energy-density (LED) diet than with a high-energydensity (HED) diet (1-3) and providing LED foods can be an important complement to obesity treatment (4) . One factor that may influence the purchase, and thus consumption, of LED or HED foods is price (5, 6) . Several studies have shown that manipulating price in vending machines (7, 8) , cafeterias (9 -11) , and restaurants (12) influences purchases. Purchases of less healthy HED foods is reduced as their price is increased, and purchases of healthier LED foods is increased as their price is reduced. These changes represent examples of own-price elasticity, which refers to the percentage changes in price for given percentage changes in demand for a food (13) . Another possible result of increases in the price of HED foods is a substitution or increase in purchases of LED foods, which is an example of cross-price elasticity. An ideal situation would be that as the price of a class of HED foods increases, purchases of HED foods are reduced and are substituted by purchases of healthy LED foods.
One variable that may influence sensitivity to price changes in HED or LED foods is obesity. Obese persons find food more reinforcing than do lean persons (14) , which means that they are more motivated to obtain food and may be less sensitive to price increases for their preferred foods (14) . A behavioral analogue in behavioral economic theory to price is response effort (15) , and it may be that persons who work harder to gain access to specific types of foods will also pay a greater price for those foods than do persons who do not find food that reinforcing. Another variable may be the amount of money allocated to food purchases. In general, there is an inverse relation between the amount of money that can be spent on food and demand elasticity, with those with lower education and income being more sensitive to price increases (16) . Experimental research has shown that reducing available resources will increase substitution of less preferred alternatives when the price of preferred alternatives increases (13, 17) .
The present study tests the influence of price changes on mother's purchases of HED and LED foods for their families through the use of a laboratory analogue method. Mothers are generally responsible for the quality and quantity of the foods that are brought into the household, which in turn affect the family's eating habits. Modifying the purchasing patterns of mothers can affect the entire family and can aid in the treatment and prevention of pediatric obesity. Laboratory paradigms are often used to determine factors that influence consumer behavior (18, 19) , and we have used laboratory paradigms to assess the influence of income and price on youth purchases of snack foods (13) and the similarity of parent and child purchases of food (20) . Laboratory analogues are particularly useful when doing exploratory research on new paradigms and provide the opportunity to study individual difference variables, which may be more challenging when examining price effects on purchases in the natural environment.
SUBJECTS AND METHODS

Participants
Participants were 47 mothers between the ages of 25 and 50 y. Participants were recruited from an existing family database, through flyers posted around the University of Buffalo campuses, and through direct mailings. Interested participants were screened by telephone to ensure that they met the following study criteria: 1) had at least one child between the ages of 2 and 15 y of age residing in the household and 2) were responsible for the primary grocery shopping for the family. Participants were scheduled for a single visit to the laboratory lasting Ȃ2 h and were asked not to eat for ͧ3 h before the appointment. Research suggests that recent eating may influence food purchasing, with more overweight persons purchasing more food after eating than less overweight persons (21) (22) (23) . Families were recruited over a wide educational and income range. As noted in Table 1 , 19.2% of the sample had family incomes below $29,999, and 23.4% had family incomes greater than $70,000. Similarly, 53.2% of the families had a high school, vocational school, or associates degree, whereas 46.8% had a college or graduate degree. The study was approved by the University of Buffalo Social and Behavioral Sciences Institutional Review Board, and participant families received a $25 gift certificate to their choice of a local supermarket chain for completing the study.
Procedures
On their arrival at the laboratory, the participants read and signed consent forms and completed a demographic questionnaire and same-day food recall and hunger questionnaires. The participants rated their liking of the foods used in the experiment on 7-point Likert scales and the frequency at which they purchased the experimental foods. The participants then engaged in the food-purchasing tasks.
The design was a 3-factor design, with 1 between factor and 2 within factors. The between factor was price change condition. The participants were randomly assigned to 2 price change conditions. In one condition, the prices of LED foods varied from Ȃ25% above and below the reference values while the prices of HED foods remained constant at the reference values. In the other condition, the prices of HED foods varied from Ȃ25% above and below the reference values while the prices of LED foods remained constant at the reference values.
The within-subject factors were study income and price manipulation. Mothers in each group completed 3 trials that varied price (75%, 100%, and 125% of reference price) for each of 2 income conditions ($15/person and $30/person) in a counterbalanced order. This provided the opportunity to assess whether price had a differential influence on purchases based on available resources. The incomes studied were based on values that were equally lower or higher than a reference value of approximately $22.50, which was computed based on the minimum amount of money that would be needed to eat a balanced diet for the LED foods offered for purchase in this experiment.
Behavioral choice task
The experimental room was set up like a grocery store; cards with pictures of 60 foods were arranged in sections according to food category (eg, bread, produce, meat, etc). On the reverse side of each picture card was nutritional information, and beside each picture card was a set of price cards. Price cards were color coded to indicate whether an item was reduced, at the reference price, or higher than the reference price. Before the start of each trial, the experimenter set the prices for each of the individual food items. The order of the income manipulations was counterbalanced, and the price manipulations were randomized.
During the choice task, the participants were told to imagine that they had no food in their house and the money that they were given was to be used to purchase groceries for their family for the week. During the trial, the participants indicated a purchase by giving the experimenter a picture of the food (there were multiple pictures of each food, so that participants could purchase more than one of an item). The experimenter recorded the amount of each item purchased and let the participant know how much they had left to spend. If the participant had spent too much money, she was asked to put back some of the food items until the total was at or less than the money allotted for that trial. To encourage the participants to spend all of the money, they were told that the food did not have to be consumed in a week and that items could be stored or frozen for later use. In addition, because of the limited selection of brands, the participants were told to purchase food products according to similarity to what they would normally buy.
The foods were sixty foods equally divided into 6 food groups (fruit, vegetables, dairy, protein, grains, and other, which were desserts). Five foods in each group were classified as having low or high energy density, respectively. LED foods had an energy density 2.0 kcal/g, and HED foods had an energy density ͧ2.0 kcal/g. Energy density is based on the package information, so if the food is a processed food, the energy density is based on the prepared food; if the food is raw, as in fruit, vegetables, chicken, rice, noodles, etc, the energy density is based on the unprepared food. The energy density may change according to the method of food preparation. The reference price of each food was determined by the averaged current cost of that food at the 2 largest local supermarkets. Energy density, reference prices, and cost to purchase 100 kcal of the average energy density, reference price, and price per 100 kcal of the foods in that food group are shown in Table 2 , and the specific foods studied are shown in Table 3 . The cost per 100 kcal of HED versus LED foods was lower for each food group, with value differences ranging from $0.18 compared with $0.28 for HED versus LED breads (156% increase) to $0.28 compared with $2.70 (964% increase) per 100 kcal of HED versus LED vegetables. After the participants completed all trials, their height and weight were measured and they were given a debriefing form.
Measurement
Food liking
The participants' liking of 60 experimental foods was assessed by use of a 7-point Likert scale anchored by 1 (do not like) and 7 (like a lot).
Same-day food recall
The participants were interviewed by the experimenter to ensure that they had not eaten in the 3 h before the appointment.
Hunger
Hunger was assessed by using a 5-point Likert-type scale anchored by "extremely hungry" and "extremely full."
Demographics
The Hollingshead (24) demographics questionnaire was used to assess socioeconomic status on the basis of education level, occupation, and race. Additional information was asked regarding household composition (number of adults and children residing in the primary household) and the approximate amount that was spent on groceries per week.
Height and weight
The participants' weight and height were measured by using a digital scale (TANITA Corporation of America Inc, Arlington Heights, IL) and a digital stadiometer (Measurement Concepts & Quick Medical, North Bend, WA). On the basis of the height and weight data, body mass index (BMI) was calculated according to the following formula: BMI ҃ kg/m 2 . Parents were considered obese if they had a BMI ͧ 30 (25) .
Analytic plan
Separate mixed-effect regression models (26) with random intercept and fixed effects were used to assess own-price and cross-price elasticity for purchases of HED or LED foods. Mixed-effects regression models are used when the dependent measure is repeated, and these models incorporate individual level heterogeneity. Ordinary least-squares regression cannot be used for these models because the dependent measure is a repeated measure that is collected over different experimental conditions. Log values of the purchases and food prices were used in the regression models, and purchases were adjusted for family size by calculating the total number of LED and HED foods and dividing this total by the number of family members. Because one mother had 0 purchases for HED foods and there is no log of 0, 1 was added to the total adjusted purchases of HED and LED items for all subjects before calculating log values (27) . Other models were tested by using smaller values to add to HED and LED purchases; this did not change the significance of the ownprice or cross-price elasticity coefficients, but using smaller values increased the degree of elasticity. For example, adding 0.01 rather than 1 increased own-price elasticity from Ҁ1.586 to Ҁ2.967. Additional factors of weekly amount spent on groceries, number of persons in the family, socioeconomic status, BMI, hunger, age, and minority status were added to the models. Separate regression models were run for own-price and cross-price elasticity for purchases of LED and HED foods. An example of the equation to predict own-price and cross-price elasticity for LED foods is as follows
Ln purchases ϭ ␣ ϩ ␤ 1 (ln LED price)
ϩ ␤ 7 (usual spending on groceries/wk) ϩ ␤ 8 (number of persons in the home)
The regression coefficients of logged prices represent the price elasticities of demand. Specifically, the coefficient of logged LED price is the own-price elasticity of LED food and that of logged HED price is the cross-price elasticity of LED foods with respect to HED foods. For example, an own-price elasticity coefficient of Ҁ2.0 means that if its price increases by 10%, the demand decreases by 20% (Ҁ2 ҂ 10%). Positive cross-price elasticity coefficients imply that the products are substitutes (eg, as the price of a commodity increases, the purchases of an alternative commodity with a stable price increases), whereas negative cross-price elasticity coefficients imply that the products are complements. Data were analyzed by using SYSTAT (28) .
RESULTS
The regression models are summarized in Table 4 and are presented in Figure 1 . The estimates for own-price elasticity were significant for purchases of LED (coefficient ҃ Ҁ0.569, P 0.01, Figure 1A ) and HED (coefficient ҃ Ҁ1.586, P 0.001, Figure 1B) foods. Cross-price elasticity was significant for purchases of LED foods when the price of HED foods increased (coefficient ҃ 0.622, P ҃ 0.001, Figure 1C ), but was not significant for HED foods with respect to LED prices. A crossprice elasticity of 0.622 means that when HED prices are increased by 10%, the demand for LED foods increases by 6.22%. Own-price elasticity for HED foods differed on the basis of BMI as evidenced by the significant interaction between the price of HED foods and BMI (coefficient ҃ 0.023, P ҃ 0.016). Crossprice elasticity for LED foods was also related to BMI, as evidenced by the significant interaction between the price of HED foods and BMI (coefficient ҃ Ҁ0.017, P ҃ 0.008). Hunger was a significant predictor of purchases of both LED (coefficient ҃ Ҁ0.041, P ҃ 0.008) and HED (coefficient ҃ 0.060, P ҃ 0.005) foods. Hungrier mothers purchased more HED and less LED foods. The amount of money available for food purchases per family member ($15/$30) was also a significant predictor of 1 . Mean (Ȁ SEM) number of items purchased by mothers of low energy dense (LED) and high energy dense (HED) foods in relation to price and income ($30 or $15 per family member). Purchases of the types of foods for which prices are changed are shown in panels A and B, whereas purchases of the alternative types of foods are shown in panels C and D. The estimates for own-price (estimate ҃ Ҁ0.569, P 0.01) and cross-price (estimate ҃ 0.622, P ҃ 0.001) elasticity for LED foods were significant, as was own-price elasticity for HED foods (estimate ҃ Ҁ1.586, P 0.001). There were no significant interactions with income for own-price (estimate ҃ Ҁ0.005, P 0.05) or cross-price (estimate ҃ Ҁ0.003, P 0.05) elasticity for LED foods or own-price (estimate ҃ Ҁ0.001, P 0.05) or cross-price (estimate ҃ Ҁ0.003, P 0.05) elasticity for HED foods, respectively. purchases of both LED (coefficient ҃ 0.032, P 0.001) and HED (coefficient ҃ 0.046, P 0.001) foods: the greater the amount of money, the more purchases that were made. No significant interactions of age, hunger, amount spent on groceries, number of family members, socioeconomic status, or minority status with price were observed.
The interactions of BMI by own-and cross-price elasticity were further explored in separate regression models to estimate own-price elasticity for nonobese (BMI 30) and obese (BMI ͧ 30) mothers ( Table 5 ). The own-price elasticity of HED foods for the nonobese and obese mothers was Ҁ1.051 (P 0.001) and Ҁ0.767 (P 0.001), respectively, with the nonobese mothers being more sensitive to increases in the price of HED foods than were the obese mothers. Furthermore, nonobese mothers were more likely to substitute LED foods for HED foods when the price of HED foods increased than were obese mothers. The cross-price elasticity of LED foods with respect to HED foods was 0.219 (P ҃ 0.001) for nonobese and Ҁ0.025 (P ҃ 0.777) for obese mothers. The relation between obesity and the cross-price elasticity of LED foods with respect to HED foods is also shown in Figure 2 . The purchases of LED foods increased as the price of HED foods increased for the nonobese mothers, whereas the purchases of LED foods did not reliably change with changes in the price of HED foods for obese mothers.
Because the cost per 100 kcal is less for HED foods than for LED foods, mothers purchased more energy from the HED foods than from the LED foods at each price comparison. For example, according to the average energy for foods purchased in the LED and HED food groups, mothers in the $30.00 per family member condition purchased 8309.9 kcal of HED foods but only 5116.7 kcal of LED foods when the price of these foods was reduced to 75% of the reference price, and 4701.1 kcal of HED foods compared with 3222.6 kcal of LED foods when the price of these foods was 125% of the reference price. When the price of HED foods increased, there was an increase in purchases of LED foods. For example, mothers in the $30.00 per family member condition purchased 4028.0 kcal of LED foods when the price of HED foods was 75% of the reference price, and 4350.3 kcal of LED foods when the price of HED foods was 125% of the reference price. 
DISCUSSION
These results show the expected own-price elasticity for HED and LED foods, ie, as the price goes up, purchases go down. These data along with other laboratory (13, 29) and field research (7) (8) (9) (10) (11) (12) suggest that one way to increase the purchase of healthy foods is to reduce the price of these foods. Conversely, purchases of less healthy foods will decrease as their price increases.
Perhaps a more interesting observation is that there is an increase in purchases of LED foods as the price of HED foods increases for leaner mothers but not for obese mothers. In addition, leaner mothers are more sensitive to price changes in HED foods. This represents an ideal situation for leaner mothers, in that increasing the price of HED foods not only reduces their purchases of HED foods, but also increases their purchase of LED foods. The usual rationale for public health policy approaches that increase the price of less healthy foods is that these policy changes can contribute to preventing or reducing obesity, but such approaches are usually not targeted at leaner, perhaps more health conscious mothers. To our knowledge, this is the first observation that cross-price elasticity is related to body weight, and this result suggests that leaner mothers may be more likely to shift purchasing from HED to LED foods on the basis of price changes of HED foods. Because food consumption at home is based in part on foods stored at home, this finding may have important implications for understanding factors that may influence the development of obesity. However, the observation that obese mothers may be less likely to either reduce purchases of HED foods when their price increases or to purchase more LED foods when the price of HED foods increase may reduce the utility of any economic approach that uses increases in prices of less healthy foods to reduce their consumption.
The price was increased or decreased by 25%, which is consistent with changes in prices for fresh foods (30) . Although significant changes in purchasing were observed, prices in other experimental research have been greater, with changes in price of up to 50% (13, 29, 31) . The amount of change in price that is needed to influence purchasing may differ for different types of foods, and research is needed to establish the price elasticity for different types of foods. The price elasticity of fruit and vegetables is higher than that for snack foods such as potato chips (32) (33) (34) , which suggests that at the same percentage price change, there may be a bigger effect on health by reducing prices of healthy foods by subsidies than by increasing prices of less healthy foods. Kuchler et al (32) argue that the low price elasticity of snack foods suggests that increasing their price would have a minimal effect on intake, although the taxes would generate revenue for nutrition education.
One idea for using taxes to increase prices of less healthy foods is that taxes may generate revenue that can be used to subsidize lower prices for healthier foods, as well as generate funds for nutrition education (5, 32) . One potential limitation in the use of taxes is that they will have different influences on obese and lean persons, with the potential for less influence on obese or less health conscious persons than on leaner and more health conscious persons (35, 36) . Our study shows that increasing the price of less healthy food may have benefits for the leaner, perhaps more health conscious mothers on purchasing healthier substitutes, but may not have the desired effect for the obese mothers.
Obese mothers were less price sensitive than the nonobese mothers. This implies that price increases for less healthy food will not produce as great a reduction in less healthy foods for obese than for nonobese mothers or will not encourage consumption of healthier food for the obese, which potentially limits the public health utility of these approaches.
The present study provides an initial experimental test of the influence of price changes on purchases of HED or LED foods. In this study, the prices of all LED or HED foods were manipulated as an energy density group at the same time, and we observed that the elasticity of HED foods was greater than that for LED foods, which may be a function of shifting the prices of all LED foods rather than of specific LED foods. The utility of public policy changes for shifting consumption on the basis of taxes or subsidies may depend in part on how broadly the taxes are implemented. This is an important factor, because one potential limitation of changing prices on select foods within energy density groupings is that persons will substitute other less healthy foods for the ones that have an increased price. For example, increasing the price of soft drinks may shift purchase to sweetened fruit juice drinks.
One factor that may influence food purchasing and shed light on the differences in substitution of LED for HED foods in obese and nonobese mothers is the relative reinforcing value of food. Obese women will work harder than nonobese women for food (14) , and this increase in motivation to obtain food may be related to differences in purchasing food. We have shown that LED foods can substitute for HED foods in nonoverweight college students, as shown by increases in responding for LED foods when the behavioral cost of obtaining HED foods is increased (37) . Behavioral economics assumes that price or behavioral cost are similar ways to influence behavior, and experiments that manipulate behavioral access may provide insight into public policy involving price (38) . It is thus possible that the reinforcing value of food, which influences the motivation to work for food, also influences purchases of food.
One reason for the lower sensitivity of obese mothers to price changes is the possibility that they were attempting to purchase more calories to maintain their greater body weight than were the nonobese mothers. As noted by Drewnowski and Darmon (39) , people can save money by choosing higher-energy-dense foods, which have a cheaper energy cost than do lower-energy-dense foods. If the goal is for the obese mother to maintain her weight, then she may be less sensitive to price increases in higher-energy-dense foods. On the other hand, a public health goal might be for obese persons to reduce their energy consumption to reduce adiposity, and obese mothers who are interested in losing weight may be more sensitive to price changes than are obese persons who are not motivated to reduce their body weight. Future studies should examine whether obese persons differ in their price sensitivity as a function of their motivation for weight loss.
This study used an experimental laboratory analogue to evaluate the effect of price on food purchases. Experimental laboratory research emphasizes internal validity, and experimental methods can provide a strong test of theory. The strengths of experimental methods are balanced by the concern about external validity (40) . Laboratory analogues and simulations are often used to determine factors that influence consumer behavior (41) . Laboratory simulations are often preferred to large-scale studies in the natural environment because of the high degree of control provided and the ability to collect large amounts of data inexpensively (42) . In a study by Burke et al (43) , actual supermarket purchases over 7 mo were compared with purchases made in 2 laboratory simulation tasks. The first laboratory simulation was a rudimentary laboratory with the experimenter providing a verbal description of the available brands; the second laboratory simulation involved a computer simulation, much like an online grocery store. Results showed high correlations between real purchasing and purchasing in the laboratory in response to price specials. Similar studies have shown a relation between purchases in the natural environment and purchases in the laboratory (44) , and laboratory experiments have been used to calculate demand elasticities for various brand name products (42) .
The laboratory procedures used in the current study may have limitations. The participants were encouraged to spend all their money during each trial or trip to the grocery store. Outside of the laboratory, people may want to save money when there are sales on usual purchases and may allocate money to other types of expenses. In the laboratory purchasing paradigm, trial length is relatively constant across trials, whereas in usual shopping, the duration of a shopping episode may be compressed because of other demands or may be extended to socialize, have coffee, eat, or sample new foods. The closer the simulation is to the usual shopping experience, the greater the potential for external validity. Another factor that may be important is that in this laboratory study, the subjects used money provided by the experimenter, so there was no penalty to the participant for spending more than they usually would shopping. One solution to this problem would be to ask the participants to use their own money in the laboratory environment (45) .
In summary, the results of the present study suggest that basic economic principles can be studied in the laboratory and that important individual differences may exist in how LED foods can substitute for HED foods when the cost of the HED foods increases. Research is needed to assess whether individual differences in response to price changes can be modified.
